Abstract. Several indices have been proposed to evaluate the systemic inflammatory response (SIR), which has been reported to be a useful prognostic factor in various types of cancer. We investigated the usefulness of the Glasgow Prognostic Score (GPS), neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) as prognostic factors in patients with advanced hepatocellular carcinoma (HCC) with extrahepatic metastasis (stage IVB). Between April, 1997 and March, 2013, a total of 434 HCC patients who developed extrahepatic metastasis were enrolled in the present study. The GPS was defined on the basis of pretreatment C-reactive protein (CRP) and albumin (Alb) levels, and the subjects were grouped according to GPS 0-2. The NLR was calculated as the neutrophil count̸lymphocyte count, and the PLR was calculated as the platelet count̸lymphocyte count. A comparative examination was performed using a survival analysis with approximate median values to determine the cut-off value for both ratios. The median survival time (MST) of the 434 patients overall was 7.3 months, with cumulative survival rates of 31.8, 14.5 and 7.7% at 1, 2 and 3 years, respectively. The patient backround was as follows: The male:female ratio was 363:71, with a median age of 67. and GPS (1+2; HR=1.410; 95% CI: 1.060-1.874, P=0.018) were independent risk factors. A total of 136 patients were included in the GPS 0 group, 169 patients in the GPS 1 group and 129 patients in the GPS 2 group. The low together with the high NLR groups comprised 217 patients. The MST was 480 days in the GPS 0 group, 154 days in the GPS 1 and 2 groups, 115 days in the high NLR group and 321 days in the low NLR group; a significant difference in survival was observed for the GPS and NLR groups. Therefore, we consider GPS and NLR to be useful prognostic factors in patients with stage IVB HCC.
Introduction
Hepatocellular carcinoma (HCC) is reported to be the sixth most common malignancy worldwide, affecting 626,000 individuals annually. In terms of mortality rate, HCC is among the malignancies with the poorest prognosis worldwide, coming third after lung cancer and gastric cancer (1) . HCC has a high rate of recurrence, which shortens long-term survival, with extrahepatic metastasis known to develop during the course of the disease (2, 3) . While there has been no effective treatment established for advanced HCC with extrahepatic metastasis (stage IVB), as of 2008, two placebo-controlled randomized trials have been underway. These trials have demonstrated the usefulness of the multikinase inhibitor sorafenib in treating advanced HCC patients with extrahepatic metastasis (4, 5) . This has led to the recommendation of the use of sorafenib as a standard treatment for advanced HCC in Japan (6, 7) . However, while sorafenib prolongs survival, it is insufficient; therefore, a new agent or combined treatment is required for the treatment of patients with stage IVB HCC. It is important to elucidate the clinical characteristics and prognostic factors of such patients, in order to identify optimal treatment methods. The usefulness of inflammatory markers, such as the systemic inflammatory response (SIR), as prognostic factors of cancer has been recently reported (8) . The usefulness of the neutrophil-to-lymphocyte ratio (NLR) as a predictive factor following treatment for HCC [transplantation, resection, radiofrequency ablation (RFA), and transcatheter arterial chemoembolization (TACE)], has also been reported (9) (10) (11) (12) (13) . In general, cancer-related inflammatory responses affect cellular proliferation, cell survival, angiogenesis, tumor cell migration, invasion, metastasis and inhibition of adaptive immunity, indicating that cancer and inflammation are closely associated (14) . Cancer may develop on a background of inflammation, such as chronic hepatitis, chronic gastritis, chronic pancreatitis and chronic inflammatory bowel disease. By contrast, cancer may also activate transcription factors and lead to systemic or localized inflammation mediated by the main inflammatory cytokines. Cancer and the inflammatory response have a strong involvement in their respective reciprocal development (15) . An underlying cause of HCC is continuous infection with the hepatitis virus, i.e., it is strongly associated with inflammation. Therefore, the measurement of inflammatory markers should be clinically useful. The aim of the present study was to investigate the usefulness of the SIR as a prognostic factor for stage IVB HCC.
Patients and methods
Patient characteristics. Between April, 1997 and March, 2013, a total of 434 patients diagnosed with stage IVB HCC at Kurume University Hospital were enrolled in the present study. Hepatic functional reserve was determined using the Child-Pugh classification system and tumor staging was performed in accordance with the sixth edition of the American Joint Committee on Cancer̸Union for International Cancer Control tumor-node-metastasis classification (16) . The characteristics of the 434 patients are presented in Table I .
The sample comprised 363 male (83.6%) and 71 female patients, with a median age of 67.0 years (range, 15-92 years (29.3%) . A total of 50 patients (11.5%) did not fall under the aforementioned treatments categories; for these patients, treatment was administered as a combined multimodal approach, including systematic treatments that each patient was able to receive continuously.
Blood parameters. Routine laboratory measurements of haemoglobin, white cell count (WBC), albumin (Alb) and C-reactive protein (CRP) concentration were performed. The coefficient of variation for these methods over the range of measurement was <5%, as established by routine quality control procedures.
NLR-PLR.
The value measured on the day of diagnosis was used for each measurement. The NLR was calculated as the absolute neutrophil count̸absolute lymphocyte count, whereas the PLR was calculated as the absolute platelet count̸absolute lymphocyte count, and the median value of each was used for the respective cut-off value. The patients were then divided into two groups and the overall survival time for each factor was comparatively examined using Cox proportional hazard analysis. The median values for the NLR and PLR were 3.02 and 111.37, respectively. Analyses were performed using the approximate cut-off values of 3 for NLR and 111 for PLR.
Glasgow prognostic score (GPS).
Based on pretreatment CRP and Alb levels, GPS was defined as 0 (CRP ≤1.0 mg̸dl and Alb ≥3.5 mg̸dl), 1 (CRP >1.0 mg̸dl and Alb <3.5 g̸dl) and 2 (CRP >1.0 mg̸dl and Alb <3.5 mg̸dl). Each patient was scored between 0 and 2 and the patients were divided into two groups, namely GPS 0-1 and 2. The overall survival times were comparatively examined using the Cox proportional hazard analysis. HCC diagnosis and extrahepatic lesions. HCC was diagnosed based on high signal intensity images in the hepatic arterial-dominant phase and wash-out images in the venous and delayed phases by either contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI), which were then radiographically confirmed. We also measured the serum concentrations of α-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP). The tumors were biopsied if the imaging findings were inconsistent with characteristics specific to HCC, or if we did not observe an elevation in tumor marker levels. Pulmonary lesions were detected by X-ray or CT of the chest to assess extrahepatic metastasis. These examinations were conducted routinely on the first hospital visit and once every 3-6 months during the follow-up period. Additional examinations, such as bone scintigraphy and CT or MRI of the brain, were conducted in the event of symptoms suspicious of extrahepatic metastasis. These additional examinations were also performed if elevated serum concentrations of AFP and̸or DCP were detected, and the elevation could not be explained by the status of the intrahepatic lesion. Positron CT was also performed as a supplementary examination.
Follow-up and endpoints. Each patient was closely followed up, in terms of monitoring intrahepatic lesions and investigating the presence of extrahepatic metastasis following HCC diagnosis. Serum biochemical tests were performed and AFP and DCP levels were measured. Furthermore, ultrasound examinations were performed once every 1-2 months, contrast-enhanced CT and/or MRI were performed once every 2-6 months, and tests using other diagnostic imaging modalities were performed as required. The endpoints used in the present study were the date of death and the date of the final follow-up. The present study was completed in September, 2013 and the median follow-up period was 5.7 months (range, 0.2-111.9 months).
Statistical analysis. Continuous variables are expressed as median values (range). Overall survival was determined by
Kaplan-Meier analysis and differences between subgroups were compared with log-rank tests. A Cox proportional hazards stepwise model was used for univariate and multivariate analysis to identify any independent variables related to overall survival. Data from these models are expressed as hazard ratios (HR) and 95% confidence intervals (95% CI). All P-values were two-tailed and values <0.05 were considered to indicate statistically significant differences. Statistical analysis was performed by SPSS software, version 20 (IBM SPSS, Armonk, NY, USA).
Results
Overall survival. The overall median survival time (MST) was 7.3 months. The survival rates at 1, 2, 3 and 5 years were 31.8, 14.5, 7.7 and 0.7%, respectively.
Prognosis analysis results.
The results of our prognosis analysis are presented in Table II . As a result of the univariate analysis, 
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Correlation of GPS and NLR scores with survival.
The cumulative survival curves for GPS and NLR are shown in Fig. 1 . A total of 136 patients were included in the GPS 0 group, 169 in the GPS 1 group and 129 in the GPS 2 group; the low together with the high NLR groups included 217 patients. The MST was 480 days in the GPS 0 group, 154 days in the GPS 1 and 2 groups, 115 days in the high NLR group and 321 days in the low NLR group; a significant difference in survival was observed for the GPS and NLR groups.
Discussion
As regards clinical characteristics, including main site of metastasis and survival, our results were similar to those of previous reports (17) (18) (19) (20) (21) (22) . The analysis of prognosis revealed that the degree of intrahepatic tumor progression (T stage), hepatic functional reserve (Child-Pugh class) and tumor marker levels (AFP) were all significant prognostic factors, as previously reported (19, 21, 22) . In the present study, we observed that, of the SIR indices, GPS and NLR were useful prognostic factors. It has been reported that common sites of extrahepatic metastasis that are clinically characteristic for this stage of HCC in patients aged >50 years include the lungs (39.5-67.3%), followed by the lymph nodes (27.9-45.0%) and bone (18.3-35 .8%) (17) (18) (19) (20) (21) (22) . As regards prognosis, the MST has been reported to be 4.9-8.1 months (19,20,22 ) whereas survival analyses indicate that the state of the intrahepatic tumor, Child-Pugh class and tumor markers are independent prognostic factors of survival (19, 20, 23) . The analysis of stage IVB HCC prognosis indicates that there are more deaths from intrahepatic events rather than from extrahepatic events, and the degree of intrahepatic tumor progression is a significant risk factor (20) . Furthermore, it has been reported that AFP is a marker of tumor progression (22) , and that total bilirubin, Alb and Child-Pugh class are indices of hepatic functional reserve (19, 22, 24) . The present study demonstrated anew that NLR and GPS are useful prognostic factors in patients with stage IVB HCC. It has recently been reported that various markers used in the detection of SIR, such as cytokines, CRP and absolute neutrophil and lymphocyte counts and their ratios (including NLR), play a useful prognostic role in cancer. Of those, NLR is one of the simplest and most effective inflammatory markers, and is associated with a poor prognosis in various types of cancer (25) (26) (27) . A meta-analysis of the usefulness of NLR as a prognostic factor in HCC was recently published (28) . The results indicated that the NLR cut-off value varied according to various treatments, such as transplantation, hepatectomy, RFA and TACE. However, in terms of survival in all treatment groups, a high NLR was strongly correlated with poor prognosis.
It remains unclear why a high NLR is associated with poor prognosis. In general, cancer is considered to cause abnormalities in the differential WBC count via cytokines. A high NLR is observed when the absolute neutrophil count is high and the absolute lymphocyte count is low. It has been reported that the mechanism causing neutrophilia involves a systemic̸localized inflammatory response to a tumor or virus that leads to microcirculatory changes favorable for cancer progression or metastasis. It has also been suggested that a high NLR correlates with the strong invasion and activation of tumor-related macrophages (TAM) within the tumor, which promotes neutrophilia via cytokines such as interleukin (IL)-6 and IL-8 (28) . It has also been demonstrated that neutrophils produce matrix metalloproteinase 9, which is involved in angiogenesis, thus promoting the development of tumors and chemokines, and vascular endothelial growth factor, thereby promoting tumor development and metastasis (29) (30) (31) . In accordance, an increase in neutrophils leads to an increase in angiogenic growth factors and precipitates circulatory changes beneficial for the development of HCC; as a result, it increases the likelihood of extrahepatic metastasis and decreases HCC patient survival.
The mechanism underlying the decrease in the lymphocyte count involves the activation of TAM, which leads to the release of immunosuppressive cytokines (IL-10 and transforming growth factor-β) and the decrease in cytotoxic T lymphocytes. The relative lymphocyte count and T4̸T8 ratio tend to decrease, resulting in a weak inflammatory response via lymphocytes in patients with a high NLR (32) .
At present, a proposed hypothesis for the aforementioned correlation between high NLR and poor prognosis in stage IVB HCC patients is that inflammatory markers significantly promote cytokines associated with the development of advance-staged cancer. The mechanisms underlying metastasis also involve various cytokines. It is hypothesized that cytokines are involved in the progression of the underlying liver disease. Thus, inflammatory markers, such as NLR, are considered to be useful for advanced cancer with metastasis that develops on a background of chronic liver disease.
McMillan (33) proposed GPS as an index of nutritional status based on CRP and the Alb-induced inflammatory response. In recent years, the deterioration of nutritional status and chronic inflammatory response have been found to be involved in the status and progression of cancer. Several reports indicate that the GPS is correlated with treatment outcomes and prognosis of various cancers when scored on the basis of the Alb level, which is an indicator of nutritional status, and the inflammatory CRP level (33) . The GPS scores are classified in relation to a CRP level of 1.0 mg/dl and an Alb level of 3.5 g̸dl as follows: CRP ≤1.0 mg̸dl with Alb ≥3.5 g̸dl is scored as 0 points (normal); CRP ≤1.0 mg̸dl with Alb <3.5 g̸dl is scored as 1 point (malnutrition); CRP >1.0 mg̸dl with Alb ≥3.5 g̸dl is scored as 1 point (pre-cancer cachexia); and CRP >1.0 mg̸dl with Alb <3.5 g̸dl is scored as 2 points (cancer cachexia). The higher the GPS score, the stronger the correlation with poor treatment outcome and prognosis. It has been reported that this score is strongly correlated with treatment outcome and prognosis in HCC (33) . Cachexia is reported in 20-80% of cancer patients, and is significantly correlated with the patient's quality of life and prognosis. This score is even more useful due to the high incidence of cachexia in gastrointestinal cancer.
In conclusion, we consider the inflammatory markers GPS and NLR to be useful prognostic factors in patients with stage IVB HCC. However, while the inflammatory response described herein may be very useful for simple, low-cost general screening, its clinical application may be problematic. The inflammatory response may be biased by infection and stress not asociated with cancer. Therefore, the establishment of a useful cut-off value in clinical practice remains a limitation that requires further investigation.
